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©E POOR QUAUTY 


LOW FLIGHT SPEiD ACOUSTIC RESULTS FOR A SUPERSONIC 
INLET WITH AUXILIARY INLET DOORS 

Richard P. Woodward, Frcderich W. Glaser, and Jamen G*. Lucas 
Notional Aeronattlco end Space Adralniotration 
Lewis Rooeareh Center 
Cleveland, Ohio 


Ahatrnet 

A model supersonic inlet with ouxiliary inlet 
doors and boundary layer bleeds was acoustically 
tested in simulated low speed flight up to Mach 0.2 
In the NASA Lewis 9x15 Ancchoic Wind Tunnel and 
statically in the NASA Lewis Anechoic Chamber. 

A JT8D refan model was used ns the noise source. 
Data were also taken for a CTOL inlet and for an 
annular inlet with simulated centerbody support 
struts. Inlet operation with open auxiliary doors 
increased the hladc passage tone by about 10 dB 
relative to the closed door configuration although 
noise radiation was primarily through the main 
inlet rather than the doors. Numerous strong 
spikes in the noise spectra were associated with 
the bleed system, and were strongly affected by the 
centerbody location. The supersonic inlet appeared 
to suppress multiple pure tone (MPT) generation at 
the fan source. Inlet length and the presence of 
support struts were shown not to cause this HPT 
suppression . 

Introduct ion 

There is concern shout the fan noise radiated 
from supersonic inlets, particularly during takeoff 
and, possibly, approach, which are the two flight 
conditions when the community surrounding the aii — 
port is most adversely affected by excessive noise. 
This noise will also be affected by the required 
variable geometry of the inlet assembly. These 
assemblies may require auxiliary inlet flow area 
in the form of doors or annular slots. Little is 
known about the effects of these auxiliary doors on 
either the generation of fan noise or its propaga- 
tion. In addition, these inlets employ a variable 
inlet area mechanism, such as a translating center- 
body, to adjust inflow conditions. Centerbody and 
cowl bleeds are features that are primarily in- 
cluded to help control shock generated boundary 
layer separation at supersonic cruise conditions. 
Thus, the supersonic inlet assembly has several 
geometric features which could complicate forward- 
radiated noise. 

References 1 and 2 present static aero- 
acoustic results for a supersonic inlet with auxil- 
iary doors, bleeds, and translating centerbody. 

The t st vehicle was a YF-12 aircraft operated 
statically. Results showed that all of the vari- 
able geometry components affected noise generation. 

The present study is an effort to define the 
aeroacoustic properties of a supersonic inlet 
operating in two controlled test environments. 

The test inlet, designated the "P-inlet ,"^>^ was 
tested in simulated low speed flight up to Mach 0.2 
in the NASA Lewis anechoic wind tunnel, and 
statically in the NASA Lewis anechoic chamber.^ 
Acoustic results are presented for far-field micro- 
phones as well as for internal pressure sensors 
located on the inlet duct walls. Corresponding 
aerodynamic results for Che anechoic tunnel tests 
are presented in Ref. 8. Baseline acoustic data 


for a conventional flight-contoured inlet (CTOL 
inlet) on the JT8D refan are included for compari- 
son. The acoustic effect of long support struts 
was investigated using an annulat inlet with simu- 
lated struts which approximated those found in the 
P-inlet. This inlet was also tested with the 
struts removed. 

Apparatus 

Anechoic Tunnel Installation 

Figure 1 shows a cross-sectional view of the 
F-inlct as it was tested in the Lewis anechoic wind 
tunnel. A JTBD refan model^ was mated Co Che 
inlet as shown in Fig. 1 for this test series. 

This fan, which has inlet guide vanes and operates 
at high tip speed, was selected as having charac- 
teristics representative of the fan noise expected 
from future supersonic transport engines. Design 
parameters for Che JT8D refan model ore given in 
Table I. Results presented for the anechoic wind 
tunnel inscal lotion are for a 0.2 tunnel Mach 
number except where otherwise noted. The inlet in 
the tunnel had sharp lips at the highlight and door 
openings typical of a flight configuration. 

Auxiliary inlet doors are required on a super- 
sonic inlet to allow sufficient airflow to reach 
the fan during takeoff conditions, where relatively 
low forward flight speed and high airflow require- 
ments prevail. A primary purpose of this investi- 
gation was to assess the acoustic impact of opening 
these auxiliary doors with their additional noise 
path and circumferential flow distortion. The 
P-inlet was run with 40%, 20% and closed lioor con- 
figurations ns shown in Fig. 1. The percent door 
opening was calculated as Che ratio of the door 
throat area to the disk area projected by Che 
inlet cowl lip. The closed door configuration was 
achieved by covering only the door outer surface. 
Each of the four doors extended circumferentially 
over a 50° arc. Four axially aligned centerbody 
support struts (L/H ° 4) were located midway be- 
tween the doors in Che horizontal and vertical 
directions. 

The P-inlet assembly cowl and centerbody walls 
have porous surfaces in ’he throat region consist- 
ing of many small holes ('.6 mm diam) which, in 
flight, remove wall boundiry layers and exhaust the 
low velocity air to Che atmosphere. This inlet 
bleed system is intended to prevent terminal shock 
boundary layer separation at design speeds and to 
provide some margin of inlet subcritical operating 
8 tabil i ty . The cowl and centerbody bleed 
holes \fere always open to the internal airflow. 

The closed bleed tests were performed by taping the 
bleed exit louvers on the outside of the inlet. The 
centerbody bleed had a complicated path (see Fig. 1) 
connecting the outside bleed louvers to the center- 
body orifices through the hollow support struts and 
the fixed centerbody cylinder. ^ The cylinder con- 
nects to selected cavities behind bleed holes in 
the concentric translating centerbody depending on 
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centorbodv position* At high flight opooda the 
lower preoauro at the external bleed exicn compared 
to the internal preoBureo rosulto In positive bleed 
flow f'^om inoide to outQlde. However, reve.’oo 
bleed flow did occur under ntatlc conditions and at 
the 0,? Mach number simulated flight speed of the 
turnel. The actual magnitude of the bleed flow wao 
rut measured in the current teats. 

The JTRH re fan model was driven bv n multi- 
otage air turbine in tbe tunnel installation* The 
♦^urbine exhaust exited on the inside of the trans- 
lating cone which acted as the fan atage plug 
nozzle. This arrangement tended to shield the 
microphones from the turbine noise, The aero- 
dynamic survey rnUeo^ (Fig* O were found not to 
affect the acoustic reaulte, and thus were left 
installed for all teoto. 

Figure 2 in a photograph showing the P-inlet 
installed in the nnechoic wind tunnel. Part of the 
far field (l.fll M radiual microphone array in visi- 
ble in this photograph. The plan view of this 
tunnel installation is shown in Fig. 3. The auxil- 
iary door and cowl lip microphones were mounted on 
the inlet aosemhly about 7 . *> cm from th»* surface. 
All microphonea were 0.64 cm diameter, oriented to 
point upstream, and equipped with aerodynamic nose 
cones with ntde openings to minimize airflow- 
induced noise. In addition to the microphonea, 
there were a ntimher of dynamic pressure transducers 
located in the flow passages to allow diagnostic 
citudv of the internal noise field. Acofistlc cali- 
bration of tbe nnechoic wind tunnel has shown the 
test flection to he anecholc at frequencies above 
1000 Ih/' 

Anec h o ijc^ Chamber Inotnllation 

ihe P-lnlet assembly with the JTBP refan model 
was also tested in the Lewis nnechoic chamber. Tbe 
inlet and auxiliary doors bad bellmoutb lips to 
better simulate flight airflow for these static 
tests (Fig. 6). In addition, an inflow control 
device (ICD) was attached to the inlet to help 
estahish flight-quality airflow into the inlet. 

It was not possible to similarly treat the airflow 
entering the auxiliary doors. 

The JT8D refan model was remotely driven by an 
electric motor in tbe nnechoic chamber installa- 
tion. Tbe fan airflow exited into an exhaust col- 
lector and out of the facility. Figure ^ is a 
photograph showing the P-inlet installation in the 
nnechoic chamber. Tbe ICO has been removed for 
this photograph. Figure 6 shows a similar view of 
the P-inlet with the ICH installed. 

Figure 7 shows n plan view of the P-inlet 
installation in the anechoic chamber. Far field 
(0,64 cm diam) microphones were located in 10° 
increments from 0° to ‘70° from the inlet axis. 

There were no microphones located adjacent to the 
inlet ossemblv; however, tbe same internal pressure 
transducers were used in the chamber installation 
ns in the tunnel installation. Only the forward- 
radiated noise (including door-rndinted noise) was 
meavSured in the chamber, unlike the tunnel where 
there was a possibility for nft-radinted noise con- 
tamination. Acoustic calibration of the anechoic 
chamber has shown it to be nnechoic at frequencies 
above 700 Hz, 

The JT80 refnn was also tested in the anechoic 
chamber with a CTOL inlet for baseline noise com- 
parisons with the P-inlet, As shown in Fig. 8, the 
same ICD was Installed on the CTOL inlet ns was 
used for Che P-inlet chamber instal 1 at ion. The 
far-field microphone array was adjusted to keep the 


same radius centered on the inlet plane for tho 
shorter CTOL Inlet. The CTOL inlet installation 
had limited internal presoure tranaducors for 
diagnostic purposes. 

Acoustic Data Reduction 

The acoustic data were recorded on magnetic 
tapes for Inter 50 Hz constant bandwidth spectral 
analysis. The output of this narrow-bandwidth 
sound pressure level (SPL) analysis was digitized 
and transmitted to a computer for further analy- 
sis. Using a computer data reduction program, 
narrow-bandwidth sound power level (PWL) spoctro 
were generated for the forward quadrant (0 to 
no degrees from the fan inlet axis) for the chamber 
renults. 


Results and Discussion 


Aerodynamic Results 


Detailed aerodynamic results for the P-inlot 
test are reported in Ref, 8. The Fan operating map 
for the JTRP refan model is shown in Fig. 9 (see 
Table t for fan stoge design parameters). This 
performance was typical of tho fan in all Installa- 
tions. Data were taken for fan operation from 50 
to no percent of design speed. 


Acoustic Results 

The acoustic results are presented In two 
groups. The first group is Cor lower fan speeds 
where the spectra are characterized by tones at the 
blade passing frequency and its liannonics, while 
the second group is for higher fan speeds where 
shaft order tones dominate the noise spectra. 


Flight Effect 


Figure 10 shows tbe effect of simulated flight 
in the anechoic wind tunnel. The SPL spectra are 
for the fan operating at 602 design speed, which, 
for this inlet configuration (fully extended center- 
body, 402 open auxiliary doors, and closed bleeds), 
gives an inlet throat Mach number of about 0.38, 

The data are for the microphone at 70° from the 
inlet axis. These spectra show a reduced ^’skirting’’ 
of the blade passage tone (BPF) with increasing 
tunnel flow, indicating improved airflow at the 
sharp inlet lin. The actual level of the BPF tone 
shows little change with flight showing that Into*- 
nal noise mechanisms, such as inlet guide vane- 
rotor interaction, control the tone level. The ab- 
sence of higher tone harmonics (2 x BPF and 3 x BPF) 
when there is no tunnel flow remains unexplained. 

The flpoctruin for the fan at windmill (about 152 
design fan speed) with the tunnel at 0,2 Mach num- 
ber shows that the tunnel background noise level 
has no effect on the test results above 1000 Hz. 


Test Fnc i I ity Effects 


Figure 11 shows a spectral comparison for the 
P-inlet in the two test facilities. For reference 
a spectrum of the refnn noise with the CTOL inlet 
is also shown. Tho SPL spectra are at 70° from the 
inlet axis with Che fan operating at 602 design 
speed. The anechoic chamber data are adjusted to 
the 1.83 M radius of Che tunnel microphone. The 
P-inlct was operated with 40% open auxiliary doors 
and closed bleeds. The P-inlet centerbody spike 
was extended 50% in the tunnel, while in the cham- 
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bor It uao extoRded iOZ, The P-irlot throat Mach 
numboro wore about 0.42 in both Inotallntlona, 
whtlo with the CTOL inlot the throat Mach number 
wao allghtly lower. 

The fundamontal tone levels (DPF) for the 
P-inlot are about the same in both installations, 
indicating that theoc tones are controlled by 
sources other than Installation effects. Likewise, 
there is good agreement for the P-inlot overtone 
levels. The strong tones between the fundamental 
and first overtone are resonant tones which seem to 
be associated with the inlet bleed systems. These 
tones, which appear to bo quite sensitive to inlet 
configuration and centerbody position, will be dis- 
cussed in detail in a later soetinn of this report. 
The P-inlet results for the tunnel installation 
typically showed a higher level in the 1 to 4 kHz 
range than did the corresponding chamber results. 

The reason for this difference is unknown, but 
seems to relate to the tunnel airflow. 

With the CTOL inlet there wao good agreement 
in broadband noise with the P-inlet results. How- 
ever, the fundamental tone and the second overtone 
( 1 X BPF) for the CTOL inlet are considerably higher 
than the corresponding P-inlet results. Earlier 
Investigators (see Ref. 1) have shown that the 
installation of a supersonic inlet may reduce the 
fan noise levels relative to those for a CTOL inlet. 
However, in Ref. 1, the fan was operating in the 
supersonic tip speed range, rather than subson- 
ically as for Fig. 11, and the entire spectral 
r sise level, rather than just the fundamentol tone 
, nd its harmonics, was reduced with installation of 

he supersonic inlet. 

nlet Mach Number Effect 

The sound nttenuation effects of near-sonic 
t low at an inlet throat have been reported in the 
literature.!^ This effect in the P-inlet results 
fvom the anechoic chamber is shown in Fig. 12, where 
the overall sound power level (OAPWL, 1 to 20 kHz) 
is plotted as a function of inlet throat Mach 
number. The inlet bleeds are closed. The va'ia- 
tion in mass averaged inlet throat Mach number for 
a particular auxiliary door configuration was 
achieved by axially translating the inlet center- 
body. The attenuation produced by Increasing Mach 
number is evident at about 0.7 throat Mach number. 
There is a considerable noise attenuation toward 
Mach unity for the closed auxiliary doors configu- 
ratio.i, showing sonic inlet behavior. The lesser 
atteruntion for the open door configurations with 
increasing Mach number suggests that some noise may 
be radiating through the auxiliary doors. 

The results for the CTOL inlet are similar to 
the P-inlet results at the subsonic (50% and 60% 
design) fan speeds. However, the CTOL inlet re- 
sults are about 6 dB higher than those for the 
P-inlet at 80% design fan speed where MPT noise can 
occur. Thus the P-inlet appears to prevent or 
attenuate the far field radiation of MPT noise in 
a region of relatively low throat Mach number. 

Again, the nature of the MPT noise of the refan 
with the P-inlet will he discussed in more detail 
in a later section of this report. 

Auxiliary Door Effect 

For takeoff, and possibly approach, it may be 
necessary to open the auxiliary doors to provide 
sufficient ton airflow. With open door operation 
there is a clear possibility that nonuniform air- 
flow will reach the fan. Also, open doors provide 


an additional path for ocoustlc radiation. Finally, 
opening the doora reduces the Inle: throat Mach 
number. All of those effects could load to an in- 
crease in the radiated noise. 

The fundamental tone directivity results of 
Fig. 13 show a tone level increase at all angles 
with open auxiliary doors tbot is typical of this 
inlet. The cowl and centerbody bleeds were clooed 
for the invoaclgation of the auxiliary door ef- 
fect. In Fig. 13 the tone level incroasoa almost 
10 dB at all forward angles with .t0% open doors 
relative to the results with closed doors. The 
difference between levels for 40% and 20% open 
doors becomes less toward the aft angles. 

The data for the 90“ and 110“ aft positions 
relative to the auxiliary doors (see Fig. 3) show 
llttl.' effect of door opening. This unexpected 
result suggests that the door-induced noise la pri- 
marily radiated through the inlet mouth rather than 
through the door openings or, if through the doors, 
is radiated forward. 

Narrow bandwidth spectra are presented in Fig. 
14 for the 10“ and 70“ data of Fig. 13. At 10“ 
from the inlet axis (Fig. 14(a)) the fundamental 
and first overtone are seen to Increase with door 
size. No clear tones were observed for the closed 
door configurations. Instead Che closed-door spec- 
trum shows a "haystack" in the vicinity of the DPF, 
but at a somewhat lower frequency. Although the 
reason tor this behavior is unknown, it may be 
associated with the somewhat higher throat Mach 
mimber (0.74) of Che closed door configuration. 
Figure 12 shows sonic attenuation beginning at 
about this throat Mach number. 

The 70“ results in Fig. 14(b) show a similar 
weak tone increase as the doors arc opened. At 
this angular location the fundamental tone for the 
closed door configuration peaks at the same fre- 
quency as Che fundamental tones for Che open door 
configurations. The lower broadband level for Che 
closed door configuration above 10 kHz is un- 
explained but may be related to Che lower throat 
Mach number. Several resonance tone spikes are 
seen in Che spectrum of Fig. 14(b). 

As an aid to separating source and propagatijn 
effects, it is useful to look at Che internal pres- 
sure spectra. Figure 15 shows spectra correspond- 
ing to the conditions of Fig. 14 but measured at a 
location on the outer flow passage wall between the 
auxiliary door opening and the refan stage inlet 
guide vane. Again, there is a tone level increase 
associated with open door operation. This clearly 
shows that the Cone level increase which was 
observed in the far field is a source effect asso- 
ciated with the auxiliary door inflow. The broad- 
band level for the closed doo!' configuration in 
Fig. 15 may relate to the higher throat Mach number 
and consequent scrubbing noise potential for this 
configuration. It is also interesting to note 
that, although haystacked, the fundamental Cone for 
the closed door configuration is centered at the 
DPF in Fig, 15 in contrast to the corresponding 
spectrum of Fig. 14(a). 

Bleed Effect 

Throat region boundary layer bleeds ore used 
to help prevent terminal shock bou.idary layer sepa- 
ration at design speeds and to increase inlet sub- 
critical operating stability. It is desirable to 
leove the inlet bleed system open at all times for 
simplicity of operation. However, little is known 
of the acoustic effects of the bleed system. The 
P-inleC had both cowl and centerbody bleed systems 
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(noc Fig. 1) which wore ductod to the outer flurfaec 
of the inlet. The contorbody blood oyntom wao 
copocinlly complicated. Depending on eenterbody 
position, different translating centorbodv cavities 
were opened to the hollow conterhodv. The bleed 
airflow also travels through passages in the 
eenterbody support struts to external exhaust ports. 
At high flight Mach numbers the lower pressure at 
these exit ports compared to the internal pressures 
would insure positive bleed flow. However, ot low 
forward flight speed (0.2 Mach) and during static 
operation these bleed avstems experienced reverse 
flow. No roeasurementB of the bleed flow magnitude 
was made during these tests. The bleeds were 
closed by taping over the external duct openings 
leoving some internal bleed cavities open to the 
interna! flow. 

Strong resonance tones re'ated to the bleed 
system geometry were observed in the P-inlet re- 
sults. As seen in the spectra of Fig, 1ft, the num- 
ber, frequency and magnitude of these tones were 
sensitive to both contorbody location and the bleed 
system configuration. Curiously, in the far field 
results, these tcrong resonance tones were almost 
entirely restricted to the angles from 10° to OO" . 
Also, the occurrence of these resonance tones was 
greatest at Che lower fan speeds and for Che mid- 
range eenterbody positions. The spectra in Fig. 1ft 
are for the tunnel InsCallntion at 'i0% design fan 
speed and 70° from the inlet axis. At the ftOS 
eenterbody extension (Fig. lft(a>) various resononce 
tones appear in response Co the opening of differ- 
ent bleed ducts. The one exception is Chat with 
the eenterbody bleed open to flow and the cowl 
bleed closed there were no obscrvoble resonance 
tones in the spectrum. It should be noted that 
these resonance Cones have no frequency relation- 
ship to the rotor interaction tones and their 
harmonics. Retracting Che eenterbody to the 21?: 
extended position (Fig, !ft(b)) results in on en- 
tirely different net of resonance tones being 
generated. The frequency of these spikes does not 
correspond to either cavity resonance frequency or 
the struhal frequency for vortex shedding from the 
orifices as they are usually cnUulated; however, 
predictions are uncertain due to the complexity of 
the P-inlet bleed system passages. TIuis Che gen- 
erating mechanism of the spikes was not identified. 

Dntn from the external microphone at the cowl 
lip tended to have the same spectral content ns did 
the data for the 70° microphone. Figure 17 shows 
the cowl lip spectra corresponding to those of Fig. 
Ift(n). The same resonance Cones ns were reon in 
Fig. 16(nl are strongly represented in these spec- 
tra. The absence of fan Cones (1, 2, 1 x BPFl is 
conspicuous in Figs. Ifi and 17. 

As was previously mentioned, these resonance 
tones were largely restricted Co Che 70° microphone 
position results. Directivities for three of the 
typical resonance tones are presented in Fig. 18. 
While the tone levels clearly peak at 70°, the 
corresponding broadband level tends to dip at Che 
same angular position. This irregular broadband 
behavior is not normally observed in fan noise 
directivity results and remains unexplained. 

References 1ft and 11 present data for another 
supersonic inlet which was tested in the Lewis 
10x10 supersonic wind tunnel. In this test lower 
frequency resonance tones were found Co he gen- 
erated by bypass door cavities. Installation of 
a blade cascade at the entrance to Che cavities 
eliminated these Cones. Additionally, the reso- 
nance Cones we."e reduced when airflow passed through 
the cavities. Although n different region of the 


inlot intornol flow path produced resonance in this 
rcforenco, there to the similarity that cavity 
flow, ouch as contorbody bleed flow in the present 
study, tended Co reduce the resonance tone levels. 

Corohinncton Auxiliary Door and Bleed Rffeets 

In an earlier section it wao shown that open- 
ing the auxiliary doors will increase the fan 
fundamental tone level. The rosulco presented in 
that section wore for both bleeds closed. Figure 
19 shows how the SPL spectra at 70° is affected by 
opening both bleeds. As in the earlier section, 
the data are for the tunnel installation at 0.2 
Hnch number, with the fan operating at 60Z design 
speed and S02 contorbody extension. With 20X open 
auxiliary doors (Fig. 19(a)) there la essentially 
no BPF tone effect from opening both bloods. There 
is. however, the usual bleed-induced change in 
resonance tone structure. 

A different situation is seen for the ftOX open 
auxiliary doors (Fig. 19(b)) in which opening the 
bleeds causes about a 7 dB increase in the funda- 
mental tone level. There is no change in the first 
overtone level. Perhaps the bleed flow enhances 
the flow nonuniformity effects of the 60Z open 
doors with a consequent rise in the fundamental BPF 
tone level. 

The fundamental tone dlrec t 1 vit ies for the 
operating conditions in Fig. 19 show a similar 
effect of the bleed flow at oth-r inlet angles. 

Open bleeds have little effect on the fundamental 
tone level (except for a single point at 90°, for- 
ward arc) with 20% open doors (Fig. 20(a)). With 
ftOJ open doors (Fig. 20(b)) opening the bleeds in- 
creases the fundamental tone level by 5 to 7 dB in 
the 10° and 70° range. The bleed effect is slightly 
reversed at the forward arc 10° and 90“ positions. 

As in Fig. II, no clear data trends are soon in the 
aft 90“ and 110° results. 

Dntn from the internal pressure transducers 
can be nn effective tool in isolating the fon inlet 
noise mechanisms. Figure 21 shows internal pressure 
spectra at n number of locations in the P-lnlet for 
the nnechoic tunnel instal lat ion. Spectra for tlie 
external microphones at the cowl lip and auxiliary 
door lip are also shown. These data ore for the 
fan operating at ft0% design speed, contorbody 50% 
extended, ft0% open auxiliary doors, and both bloods 
open. Figure 21 clearly shows the development of 
the resonance tones. These tones are ospecinlly 
strong along the eenterbody and outer cowl just 
upstream of the bleed openings. The resonance tones 
become weaker toward the fan stage, and are not at 
all present just downstream of the fan stage. 

These data support the idea that the resonance 
tones originate in the bleed system, and especially 
in the eenterbody bleed system. This idea is rein- 
forced by the observation that the resonance tone 
structure varies with eenterbody position. 

The corresponding internal spectra tor the 
anecboic chamber installation of the P-inlet are 
shown in Fig, 22. These data are for the center- 
body ft0% extended, so a change in the resonance 
tone structure is expected. The external lip 
microphones were not installed in the chamber. 

Again, in Fig. 22, the resonance tones ore strong- 
est in the inlet throat region and especially just 
upstream of the eenterbody bleed. 

Multiple Pure Tone Attenuation 

An unexpected observation from earlier super- 
sonic inlet tests has been the apparent attenuation 
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of fflti multiple pure toivoo (MPT*o^ even though the 
inlot Mironl Hncl* minbrr woo too low to oxpoct 
oeoufltii' ihokina effecte.^ In the present invco-" 
tiy,ation internal oounil meoouremento show that the 
P*inlol flomehow eauoea n rorfuction in the actual 
HPT Ronerotion nt the fan oource# 

FiRurr 2\ ohowo how the overall oouml power 
level (OAPWI I (I to .'0 ttlle, '0“l vnrion with 

tnn 9peo%1 for the rolnn with tin I'TOl inlet nnti 
with the P inlet in the anochoic chamher. The 
P inlet woo tun with open austilinrv ilooro nm\ 
cloooii blectU. The centerhotlv wnn MI* extenilcil. 

Open Oooro are neceaoarv with P“inlet operation 
ai'ove lienipn fan opeotl to tivoiO har^l chohinp 
at the inlet throat. Above ^0? «iesiRn fan opee»l, 
otroiiR HPT generation controlo the OAPWl. level lor 
the OTIU inlet. The OAPWl for the P-inlet ohowo a 
moilent incroaoe at ROT opeeil, then «lecreanefl rnpi*l • 
Iv at higher fan opeetlo. At 'JOT ^looign fan opeml 
the P-inlet throat Mach nunher for thto cenCiy.ura- 
t ion in onlv O.AR, oo, from Fig. I?, aeountie 
chohinp effrvtn are unlihelv. 

Figure *‘i compnren the PWl, spectra at RlV* fan 
opeed for the two inlet conf igurat lono of Fig. .'*1. 

An seen in thin t igure the MPV content for the 
P~inlet in tmich lena than for the OlXil, inlet where 
the entire o poet rum conointn of MPT*o. Aihlition- 
ellv. the fumlameiitnl rotor alone tone, which io 
clearly eviilont for the FTtU inlet, in eooentiallv 
minoiiig in the P'*inlet reoiiUn. At ROT tan npeeil 
(he HPT content amt fumlawentnl rotor alone tone 
level lor tne P" inlet increane oomewhnl with a»i*fi- 
tioiu-il cenierhodv exteneion. However, nt higher 
fan fipeeilR trannlaling the centerhoHv han little 
1*1 feet on the HPT’s. 

Figure comparen the SPl opectra nt ’0“ from 
the inlet axis lor the P«inlet in the two facili^ 
ties at RnT design fan speed. The centerliodv in 
SO? extended in the tunnel; 'tO? extended in the 
chnmhor. The tunnel Mach mimher in 0,.\ li\ thene 
reniilto the fundamental rotor alone lone level in 
Momewhnt hipiu'r for tlu' tunnel inotal Int ion. (At 
■*S? centerhody extension the fundamenlal tone levels 
were eanentiallv identical in the two facilities.^ 

A strong renonnnee tone is seen in the tunnel data. 
The far field MPT level io similar foi the P**inlet 
in the two facilition since the MPT atructure in 
the chamber aeema to tall within the correipi>nd inp 
spectral envelope for the tunnel data. 

Internal spectra provide an insight into the 
Nl'T generation mechauiam. The internal spectra tor 
the OTOl. inlet with the refnn operating nt RO? 
deaign speed (Fig, i.*hl show »u rong MPT content 
throughout Che inlet. There is even evidence of 
weak MPT's downstream of the fan. 

In contrast, onlv modest MPT levels are seen 
in tile corresponding internal spectra for Che 
P-inlet in the tunnel installation ^Fig. .’71 and 
the chamber installation (Fig. There is, how- 

ever, excellent agreement between Che spectra for 
(he two P-inlel i ns t a I lal ions . 

At ROt denigi^ fan speed the blade relative 
velocity is well into the supersonic range and 
strong MPT generation is expected. The internal 
pressure spectra for the refnn operating at R(lT 
design speed witii the inlet (Fig. show tl'e 

expected strong MPT content. The RO? desig\» speed 
internal spectra data for the P"inlet in ti>o tvmnel 
(Fig. lOl and in the chamber (Fig. lO show no evi- 
dence of MPT content upstream of the fan. Also, 
the fundamental RPK tone is no' evident upstream of 
the fan in the P-inlet internal data. However, 
this RPF tone in clenrlv present intornallv down" 
stream of the fan in both installations. The RPF 


tone io aUu weakly present in the cowl lip nicro* 
phone oprcira of Fig. lO. Although not ahovn, the 
HPF tone wan aloo pi ooent at nil anglca in the Car 
field spectra corroopond Ing to Figo. 10 and 11. 

Thufl it is oomewha' surprising tbot the BPP tone 
would not he detected Internnllv vet bo radiated 
into the far field. 

The high broadband level ot lower frcquencioo 
near the cowl lip location In Fig. 10 ore due to 
ohnrp lip effects of the tunnel P-inlet configura- 
tion at high inlet nirflowst The spectra for 
correoponding local ions for the chamber installa- 
tion (Fig. I|1 show a flatter hroadhand. 

It Wvio not poosihle to operate the P-lnlet in 
the closed-doors configuration ohove 71? design fan 
speed without choking the inlet. Figures 1? and 11 
show the internal pressure spectra for the OTiM. and 
P-inleto at 71? design fan speed. Again, strong 
MPT generation io evident in the CTOl. inlet results 
(Fig, l.’l, As for the higher fna speeds, no MPT 
content is evident in these P inlet internal re* 
suits. At this fan speed with the leuterbodv fuUv 
extended the P-inlet is choked. These P-irlet 
internal spectra are very similar to those in Fig. 

10 for '10? open doors and 00? design speed. 

Thin annlvsio of the internal spectra for the 
ilXM and P-inlet clenrlv shows that the nature of 
the P'lnlot in to suppress the actual generation of 
MPT*s at fan speeds which would otlierwise result in 
ntreng MPT spectral content. Ueference 1 reported 
a significant MPT and fundamental nr'F tone reduc- 
tion with n YF- U’ nuperoonic Inlet, and suggested 
that the axial centerhody support struts may he 
reoponmhle for the noi»e reduction. Tests were 
conducted with the dTRO refan in the anecholc cham- 
ber to investigate ponnihle inlet otrut effects on 
the radiated noise. 

For these leuin a long annular duct with o 
hel Imoul h- 1 i ke lip wan fitted to tl>e dTfiO refan 
(Fig, lAl, The inl«'t had a cylindrical centerhody 
with a rounded none. For equally spaced thin axial 
struts were located in the annular duct. Tlieoe 
struts had l./ll ration from 1 to R, and a '*no-st rut ’* 
caoe was run hv using thin upstream wires to sup- 
port the centerhody. The inlet lip was fitted with 
the name inflow control device as wan used for Che 
P-inlet tents in the chamber. Figure 11 iej n 
photograph of the long inlet duct conf igurat Ion in 
the anochoic chamber. The U'P wan removed (or this 
phot ograph . 

Figure \f> shows the effect of fan speed on the 
oviMnll Round power level (I to klle, 0" to 
for the baseline (*TOl inlet and the long annular 
inlet. The long inlet results shown are for i“he 
Htruts removed and for a strut l./H ® C», which was 
the case for the P-inlet support struts. The re- 
sults for the long inlet show eosentinllv no acous- 
tic effect due to the struta* There are, liowever, 
nome apparent differences between the two inlets 
due to duct length. 

The far field spectra at 70® from the fan inlet 
axis also show that the long struts have negligible 
acoustic effect. At RO? of design fan speed the 
spectra for the struts removed (Fig. 17(al) and for 
struts with I /H *• V (Fig. 17(bll are similar, with 
strong MPT content in both spectra. Thus, Che 
presence of Che otrutH in Che P-inlet is apparently 
not the reason for the observed attenuation. Other 
effects such an inlet length, radial velocity pro- 
file, and throat contraction must be conridered iu 
this attenuation meohanism. 

Figure 1R shows the effect of nil three inlet 
cont igurnt iouR at AO? design fan speed, where the 
fan s.iectrn are char.'icCeriBod by prominent fan 
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fundamental and ovcrtonco, with no MPT' a. The toae 
lovclo ot 70° from the fan inlet nxio are highcat 
with the CTOI, inlet. With the long atrut inlet the 
fundamental tone io only olightly reduced, although 
the overtoneo ohow greeter reductiona. It ia 
intereating to note that the tone levela arc 
alightly higher with the I,/ll ° 4 atruta than with 
the atruta removed - preoumably a atrut-rotor 
interaction effect. With the P-inlet (tunnel data) 
the fundamental tone level io greatly reduced rela’ 
tivc to the levels for the .‘■her inlets, and the 
overtonea are not detectoble in the apectrum. 

Thus, the observed rotor tone reduction for the 
P-inlet is not aasocinted with the inlet atruta, 
and ia only partially related to inlet length. The 
total reaaon for the observed rotor tone and MPT 
reduction for the P-inlet remaina unexplained. 

S immarv of Rcaulta 

A superaonic inlet, designated the P-inlet, 
was tented at a 0,2 Mach forward fliglit speed in 
the T.ewin 9xlS anechoic tunnel and statically in 
the Lewis anechoic chamber uaing a JTfiO refan model 
as the fan source. Internal and far field acoustic 
data were taken. Baaeline data using the refan 
with 0 conventional CTOI. inlet were alao taken in 
the anechoic chamber. This test program was con- 
ducted to investigate the acoustic impact of open- 
ing auxiliary inlet doors which are required on a 
supersonic inlet to provide additional fan airflow 
at low flight speeds. The acoustic effect of open- 
ing internal boundory layer bleed systems, required 
for more stable internal airflow, and the effect of 
struts was also invogtigated . 

Significant results of this investigation are 
as follows: 

1. At subsonic fan tip speeds P-inlet opero- 
tion with open auxiliary doors results in a sig- 
nificant increase in the fan fundamental Cone SPL. 
Internal pressure spectra show that this tone 
increase occurs at Che fan source and is most like- 
ly due to changes in fan inflow uniformity caused 
by the open doors. There is no clear indication 
that the open doors present a significant additional 
acoustic radiation pathway. However, corresponding 
fundamental tone levels for a CTOL inlet were 
greater than those for any P-inlet configuration. 

2. The P-inlet appears to greatly suppress fan 
multiple pure tone generation at the fan source. 
Tests with a long annular inlet with axial struts 
showed that the inlet support struts, of them- 
selves, are not the sound suppression mechanism. 

The reason for this suppression remains unexplained. 

3. Numerous strong tones in Che spectra were 
associated with the bleed system. These Cones were 
not fan-related, and were strongly affected by the 
centerbody location. The far field directivity of 
these tones is highly directional, with a peak at 
about 70° from the inlet axis. Internal SPL spec- 
tra suggest that the centerbody blood system is 
primarily responsible for these tones. 

4. Operation with open bleeds has no effect 
on the fan fundamental tone level for the closed 
and 20% open auxiliary door configurations. How- 
ever, the tone was significantly increased with 
open bleeds for the 40Z open auxiliary door 
configuration. 


lit, forenceo 

1. Bangcrt, L. II., Durcliam, Jr., F. U., and 

Mnckall , K. G. , "TF-12 Inlet Suppression of 
Compressor Noise: First Results,” AIAA Paper 

80-0095, Jan. 1980. 

2. GangerC, L. II., FclCz, G, P. , Godby, L, A., and 
Miller, L. D. , "Aerodynamic and Acoustic Be- 
havior of a YF-12 Inlet at Static Conditions," 
NASA CR-183106, Jan. 1981. 

3. Boeing Commercial Airlane Company, "Supersonic 
Test of a Mixed-Compression Axisyroraotric Inlet 
ut Angles of Incidence," NASA Ch-165686, April 
1981. 

4. Sorensen, Norman E., and Bonezo, Daniel P. , 
"Possihi 1 it les for Improved Supersonic Inlet 
Performance," AIAA Paper 73-1271, 

3. Yuska. J. A., Diedrich, J. H. , and Clough, N. , 
"Lewis 9-bv-l 5-foot V/STOL Wind Tunnel," NASA 
TM X-02395, 1971. 

4. Rente, P. E., "uoftwall Acoustical Characteris- 
tics and Measurement Capabilities of the NASA 
Lewis 0x15 Foot Low Speed Wind Tunnel," Bolt, 
Beranek and Newman, Inc., Canoga Park, CA, 
BBN-3175, June 1974 (NASA CR-135026) . 

7. Wazyniak, J. A., Shaw, L. M., and Esaary, J. D. , 
"Characteristics of an Anechoic Chamber for Fan 
Noise Testing," NASA TM X-73555, 1977. 

8. Wasserbauer, J. F,, Cubbison, R. W, , and Trefny, 
C, J,, "Low Speed Performance r>r a Supersonic 
Axisymraetric Mixed Compression Inlet with Aux- 
iliary Inlets," AIAA Oaper 83-1414, June 1983. 

9. Moore, Reyce D. , Kovich, George; Tysl, 

Edward R., "Aerodynamic Performance of a 

0. 4044-Scale Model of JTBD Refan Stage," NASA 
TM X-3354, 1975. 

10. Sanders, Bobby W, , and Cubbison, Robert W. , 
"Effect of Blade-System Back Pressure and 
Porous Area on the Performance of an Axi- 
symraetric Mixed-Compression Inlet at Mach 
2,50," NASA TM X-1710, 1968. 

11. Sanders, Bobby W. , and Mitchell, Glenn A., 
"Increasing the Stable Operating Range of a 
Mach 2.5 Inlet," AIAA Pape.- 70-486, June 1970. 

12. Feiler, C. E., and Croeneweg, J, F., "Summary 
of Forward Velocity Effects on Fan Noise," AIAA 
Paper 77-1319, Oct. 1977 (also NASA TM-73722), 

13. "Aircraft Engine Noise Reduction," Conference 
Proceeditigs from Lewis Research Center , 
Cleveland, Ohio, May 16-17, 1972, NASA SP-311, 
pp. 305-317. 

14. Coltrin, Robert F.,, and Calogeras, James E., 
"Supersonic Wind Tunnel Investigation of Inlet- 
Engine Compatibility," AIAA Paper 69-487, June 
1969. 

15. "Aircraft Propulsion," Conference Proceedings 
from Lewis Research Center, Cleveland, Ohio, 
November 18-19, 1970, NASA SP-259, pp. 283-312, 


TABLE I. - JTBD REFAN STAGE DESIGN PARAMETERS 


inlet guide vanes ......... . . 23 

Rotor blades 34 

Bypass stator vanes ... ....... 84 

Core stator vanes .56 

Rotor tip diameter, cm (in.) 50.8 (20) 

Rotor tip speed, m/sec (ft/sec’ 488 (1600) 

Inlet weight flow, kg/sec (Ibm/sec) .... 35 (77) 

Bypass ratio 2.032 

Bypass stage total pressure ratio 1.67 


6 


ORlGJr-JAL 

OF POOR QUALITY 




ORIGINAL FAGL IS 
OF POOR QUALITY 


P-inlet installed in Lewis 9x15 Aneci oic Wind Tunnel, 
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Figure 3. - Plan view of anechoic tunnel test section. 
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figure 5. 


P-inlet installed in Lewis Anechoic Chamber 
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P-inlet installed ii. Lewis Anechoic Chamber with 
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Figure 7, - Plan view of anechoic chamber. 
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Figure 8, -Cross-sectional view of JT8D refan with CTOL inlet as tested in 
the anechoic chamber. 


DESIGN 



30 40 50 60 70 80 

TOAL MASS FLOW, Ibm/sec 

Figure 9. - JT8D refan stage operating map. 
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• CTOL INLET 

O 40% OPEN DOORS, 80% DESIGN SPEED 
□ 20% OPEN DOORS, 80% DESIGN SPEED 
O CLOSED DOORS, 60% DESIGN SPEED 
A CLOSED DOORS, 50% DESIGN SPEED 
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INLET THROAT MACH NUMBER 


Figure IE - Overall sound power level (0° - 90°, 1 K - 20 KHz) 
as a function of throat mach number (anechoic chamber 
results, P-inlet bleeds closed). 



POSITIONS 

Figure 13, - Blade passage tone directivity for tunnel 
facility (60% design speed, centerbody 50% extended, 
bleeds closed, 1.-83 m radius). 



CLOSED DOORS, THROAT M = . 74 
20% OPEN DOORS, THROAT M = . 53 
40% OPEN DOORS, THROAT M = . 41 
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FREQUENCY, KHz 
(a) 10° from inlet axis. 

Figure 14 - Effect of auxiliary door opening on far field spectra with bleeds closed (60% design speed, centerbody 50% extended, 
tunnel M = . 
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Figure 17. - Effect of bleed configuration on spectra obtained from cov/l lip microphone (auxiliary doors closed 50% desiqn soeed 

rpntorhririu ^n<7., Dvtnnrforfi •' ’ 







ANGLE FROMINLET AXIS, deg 

Figure 18. - Resonant tone directivity (50% 
design speed, closed doors, centerbody 50% 
extended). 





FREQUENCY. KHz 
(b) 4073 open auxiliary doors. 

Figure 19. -Concluded. 
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(f‘ open doors, 

(b) 40% open doors. 

Figure 20, - Blade passage tone directivity showing effect 
of bleed and door configurations (60% design speed, 
centerbody 50% extended). 









Figure 23. - Overall sound power level (0°-90°, 
IK - 20KHz> as a function of fan speed in 
anechoic chamber (p - inlet: 40% open doors, 
bleeds dosed, centerbody nominal 50% ex- 
tended). 








Figure ?6. - Internal pressure spectra for JT8D refan in anechoic chamber 
(80% design fan speed, throat M = . 54). 




FREQUENCY, KH^ 

(a) Cowl lip microphone. 

(bl Auxiliary door microphone. 

Figure 71 . - Internal pressure spectra for wind tunnel facility 180% design speed, centerbody 50% extended, 40% open doors, bleeds 
closed, throat M = . 58) 
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FREQUENCY, KHz 

(a) Co-wl Up micrqjhone. 

<b) Auxiliary door microphone. 

Figure 30. - Internal pressure spectra for wind tunnel facility (90% design speed, centerbody 50% extended. 40% open doors bleeds 
closed, throat M = . 68). . . - 
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Figure 32. - Internal pressure spectra for JT8D refan in anechoic chamber 
175% design fan speed, throat M ■> , 49) 
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Figure 35. - Long inlet strut assembly in the Anechoic Chamber. 
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PERCENT DESIGN FAN SPEED 

Figure 36, - Overall sound power level (0° - 90° 
1 K “ 20 KHz) as a function of fan speed show- 
ing effect of inlet configuration. 
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Figure 38. - Effect of inlet configuretion on far field SPL spectra ensign speed, 7CP froj^ inlet ads, 7. 6 M rarOesi. 




